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SUMMARY 


This  investigation  has  used  invertebrate  nervous  systems  to 
elucidate  two  basic  aspects  of  central  nervous  ionic  homeostasis: 
neuronal  adaptations  to  ionic  and  osmotic  stress  and  ionic  homeo¬ 
stasis  of  the  brain  microenvironment. 

The  research  on  the  giant  axons  of  pci ^chaetes  has  established 
the  important  principle  that  some  nerve  cells  can  adapt  to  very  large 
changes  in  the  composition  of  their  immediate  fluid  environment. 

These  adaptations  involve  structural  modification  and  changes  in  the 
cellular  mechanisms  which  mediate  excitation  and  conduction. 

The  results  of  tine  investigation  on  the  insect  central  nervous 
system  has  shea  light  on  tine  permeability  properties  of  the  blood- 
brain  interface,  which  shares  some  features  with  the  functional 
organization  of  the  mammalian  central  nervous  system.  The  physiological 
information  obtained  has  enabled  a  physiological  model  to  be  erected 
which  explains  all  of  the  available  experimental  information  and  should 
be  susceptible  to  further  experimental  tests. 
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I.  INTRODUCTION 

The  research  carried  out  during  the  period  of  the  grant  was  concerned 
with  an  important  and  relatively  unexplored  aspect  of  neural  function: 
central  nervous  ionic  homeostasis.  This  research  has  exploited  some  unique 
advantages  provided  by  some  invertebrate  animals  by  studying  the  physiological 
adaptations  of  nervous  systems  which  are  naturally  exposed  to  very  large 
fluctuations  in  blood  composition,  namely  the  giant  axons  of  two  estuarine 
polychaetes  (which  are  directly  exposed  to  massive  changes  in  the  ionic  and 
osmotic  concentration  of  the  extra-axonal  fluid)  and  the  nervous  connectives 
of  an  insect  species  (in  which  ionic  homeostasis  is  achieved  by  extremely 
effective  regulation  of  the  extracellular  fluid  environment  of  the  nerve 
cells) . 

The  results  of  the  investigations  on  the  polychaete  axons  have  shown 
that  nerve  cells  are  not  necessarily  at  the  mercy  of  the  composition  of  their 
body  fluids  and  establish  the  important  physiological  principle  that  neurones 
may  adapt  relatively  rapidly  to  massive  changes  in  the  osmotic  and  ionic 
composition  of  their  immediate  fluid  environment. 

The  results  of  the  studios  on  the  insect  preparation  have  elucidated 
and  alternative  physiological  strategy  to  the  problem  of  body  fluids  of 
fluctuating  composition:  the  combination  of  an  effective  peripheral  blood- 
brain  barrier  system  and  local  glial-mediated  regulation  of  the  composition 
of  the  brain  microenvironment.  This  strategy  is  similar,  in  a  number  of 
basic  features,  to  that  of  the  mammalian  central  nervous  system  and,  for  this 
reason,  is  a  valuable  model  system  for  the  quantitative  studies  of  the 
physiology  of  central  nervous  homeostasis.  Such  studies  are  of  more  than 
fundamental  physiological  importance,  for  an  understanding  of  the  mode  of 
action  and  the  mechanisms  of  resistance  to,  insecticidal  compounds  requires 
knowledge  of  the  permeability  properties  of  the  blood-brain  interface  and, 
also,  of  the  associated  underlying  regulatory  processes. 

In  this  report  account  is  given  of  the  major  findings  and  conclusions 
of  the  research  carried  out  during  the  tenure  of  the  grant.  First  for 
the  studies  of  neuronal  adaptability  and  then  for  the  homeostatic  mechanisms 
in  the  regulation  of  the  ionic  composition  of  the  brain  microenvironment. 

More  detailed  accounts  of  this  work  can  be  found  in  the  papers  which 
have  already  been  published.  These  are  referred  to  in  the  text  and  are 
also  listed  separately. 

II.  NEURONAL  ADAPTATIONS  TO  IONIC  AND  OSMOTIC  STRESS 

Two  species  of  estuarine  polyehaete  worms  were  used  for  these  studies, 
both  wore  shown  to  bo  eur  yhnl ine  osmoconformers.  The  nervous  system  of 
Sabclla  penicillus  was  found  to. experience  changes  in  the  osmotic  concentration 
of  the  blood,  of  between  543  and  1236  m-osmol,  in  response  to  changing 
external  salinities  (Carlson,  Pichon  &  Treherne,  1978).  More  extreme  fluctuations 
occur  in  the  blood  of  the  serpulid,  Merclorella  enlgmatica,  the  range  (between 
84  and  2304  m-osmol)  being  the  most  extreme  known  for  any  animal  species 
(Skaer,  1974a;  Benson  &  Treherne,  1978b). 
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a)  Exjaeriments  on  Sabella  cjiant  axons 


The  giant  axons  of  Sabella  can  withstand  abrupt  hyposniotic  dilution  of 
the  bathing  medium  from  1040  to  520  mOsm,  equivalent  to  50%  dilution  (Carlson, 
Pichori  &  Treherne,  1978).  This  is  in  marked  contrast  to  the  irreversible 
damage  incurred  in  the  spike  generating  mechanism  of  the  stenohaline  osmo- 
conformers.  Furtherm,  re,  the  axons  of  Sabella  are  unusual  in  showing  only 
relatively  slow  electrical  responses  to  abrupt  dilutions  of  the  surrounding 
fluids  (Carlson  et  al . ,  1978).  Thus  the  overshoot  of  the  intracellularly 
recorded  action  potential  declines  slowly  and  with  a  rather  complex  time 
course  in  hyposmotic  media,  yet  the  axons  are  conventionally  dependent  upon 
sodium  and  the  spike  is  rapidly  diminished  in  low  sodium  conditions  when 
the  osmotic  concentration  is  maintained  with  sucrose  (Fig.  1).  This  effect, 
together  with  the  slower  rate  of  potassium  depolarization  observed  during 
hyposmotic  stress  as  compared  with  equivalent  isosmotic  treatments,  suggests 
that  there  is  a  reduced  intracellular  access  to  the  axon  surfaces  when  the 
osmotic  concentration  around  the  nerve  is  reduced.  This  could  arise  from 
osmotically-induced  swelling  of  the  surrounding  glial  processes,  and  would 
presumably  provide  limited  short-term,  protection  from  the  adverse  effects  of 
fluctuations  in  blood  osmolality. 


I'T- 


i  .mpoo-a . 


I  4n 


3d 


OfToO 


'Op 


i  Ko&rrioiic 


i 


'o. 


ov 


o. 


Op  Ihp.Kmoiic 
'P  ' 


OX) 


V 


\o 


W 

oV 


L-U  .  1  II  III  J  J  I  I  1  I  I  I  _J 

»  s  K»  l>  ?M  4| 

I’m k*  ( min . 

C  f-mp  nison  of  the  rites  of  decline  «>f  tin:  overshoot  lo’lowinj*  exposure  to  5,0 
nypostnotjf  ;md  i>>»:  molk  (sucre*  m'-s  disunited;  .\S\Y. 


In  spit.c  of  Hi  is  short-term  limitation  of  access,  the  giant  axons  of 
Sabella  nevertheless  develop  a  reversible  conduction  block  after  prolonged 
exposure  to  GO”;  hyposmotic  solutions  (Fig.  2A) .  But  the  axons  are  able  to 
adapt  to  this  situation  if  the  dilution  is  gradually  imposed,  and  will  then 
continue  to  conduct  action  potentials  (Fig.  215). 
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This  hyposmotic  adaptation  in  the  giant  axons  involves  an  appreciable 
reduction  in  intracellular  potassium  concentration,  as  revealed  by  a  comparison 
of  the  changes  in  resting  potential  with  varying  [K+]0  before  and  after 
adaptation  (Treherne  &  P.ichon,  1978) .  This  reduction  is  approximately 
proportional  to  the  potassium  dilution  in  the  oxter naJ  medium,  so  that  a 
60%  reduction  of  [K+]0  is  associated  with  a  69%  decline  in  [K+]j.,  from  490  niM 
to  340  nvM.  This  effect  ensures  that  there  is  no  marked  change  in  axonal 
resting  potential,  in  contrast  with  the  situation  in  a  more  extreme  conformer, 
Mercierella,  in  which  intracellu3.ar  potassium  is  not  proportionately  reduced 
and  a  marked  hyperpolarization  results. 

The  decline  in  intracellular  potassium  observed  in  Sabella  axons  during 
progressive  dilution  of  the  external  medium  does  not  appear  to  result  from 
axonal  swelling  and  cell  dilution  (Carlson  et  al. ,  1978).  The  recorded  decline 
in  [K+Ji  during  adaptation  must,  therefore,  result  from  a  net  loss  of  this 
major  intracellular  cation  from  the  axoplasm,  an  apparently  common  strategy 
used  by  cells  to  reduce  the  internal  osmotic  concentration  during  hyposmotic 
stress  (cf.  Hoffman,  1977). 

The  active  membrane  in  axons  from  seawater-adapted  Sabella  is  not  completely 
selective  for  sodium  ions.  This  is  shown  by  the  significant  departure  in  the 
slope  of  the  line  relating  overshoot  to  internal  sodium  concentration  from  the 
58  mV  per  decade  change  in  [Na+]0  predicted  by  the  Nornst  relation  for  an  ideal 
sodium  electrode  (Fig.  3).  However,  in  hyposmotically  adapted  axons  the  sodium 
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selectivity  increases  (Fig.  3),  a  factor  which  partially  compensates  for 
the  reduction  in  sodium  gradient  across  the  axon  inenibranes  as  the  external 
fluids  are  diluted.  The  overshoot  of  the  action  potential  is  thereby 
increased  in  hyposmotica.il y-adaptod  as  compared  with  seawater-adapted 
axons  at  equivalent  external  sodium  concentrations  (Treherne  &  Pichon,  1978). 
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slopes  of  lie*  uxu-Nsion  Inns  ;»:e  4S  X  «;.vK  mV,  for  tleeade  iluiijjf  in  f.Va'],,  for  the  toe"., 
atlapUti  .txoii-.  and  ypX  Hf.|  mV  lor  the  (*o'\.  ;ul:tptet»  axons. 


The  physiological  adaptations  of  SalxJ.la  giant  axons  are  thus  adequate' 
to  permit  a  maintenance*  of  excitabii  ity  under  the*  regimes  of  limited  osmotic 
stress  experienced  by  a  modest  oarocon former .  Firstly,  the  .'exons  receive 
short-term  protection  by  restriction  of  the  intercellular  access  to  their 
surfaces  during  abrupt  hyjxcmotic  stress.  Secondly,  there  is  a  substantial 
reduction  in  intracellular  potassium,  which  is  presumably  accompanied  by  an 
equivalent  loss  of  intracellular  anions  (cf.  Gillcs,  1979)  ,  contributing  to 
the  achievement  of  osmotic  equilibrium  with  the  blood  or  bathing  medium. 
Thirdly,  the  relative  sodium  permeability  of  the  active  membrane  increases 
during  hyposmotic  adaptation  so  as  to  partially  compensate  for  the  reduction 
in  external  sodium  concentrations. 


b)  Experiments  on  More  ion  \1 1  g  giant  axons 


Despite  the  very  large  fluctuations  in  osmotic  and  ionic  concentration 
of  the  blood  experienced  by  this  extreme  osmoconformor  the  giant  axons  appear 
to  Lx?  unprotected  by  a  recognizable  barrier  system.  The  giant  axons  are  over¬ 
laid  only  by  narrow  glial  processes  which  provide  an  incomplete  covering  of 


ax«  •:.j]  :'i.  i  I .  Whe  r  e  jama  complete  covering  occurs  the  intercellular 
clfft':  i  u>!  .ioIkI  by  junctional  complexes  and  ionic  lanthanum  penetrates 

to  tin  :'.ui  i.i.  .  ol  .axon.;  oj  Ixalh  sea  water-adapted  individuals  (in  normal 
sal  in.-  an  !  d.ii  ing  initi.  1  hypo,  miotic  stress)  and  in  those  which  are  hyposmoti- 
calJ  y-.ao  .pl  o.i  (bk.i:  ;  et  al . ,  197f>;  Traherne,  1978). 

Although'  unni oteetod  Iran  the  extreme  fluctuations  in  osmotic  concentration 
ol  Un  blood  the  Kcrciorol la  exons  nevertheless  exhibit  structural  specialize-  ' 
tionr;  which,  it  is  projrosed,  enable  them  to  withstand  an  appreciable  excess 
of  intracellular  hydjoslatic  pressure  resulting  from  osmotic  imbalance  during 
hys  oxm. >t  io  stress.  Those  are  hemidesmosome-likc  structures,  associated  with 
the  axon  membrane,  which  are  connected  to  a  network  of  neurofilaments  within 
the  axon.  The  provision  of  regularly,  closely-spaced,  supports  for  the 
axonal  membrane  appears  to  be  a  highly  effective  way  of  limiting  the  tension 
on  it  by  reducing  the  radius  of  curvature  (Skaer  et  al . ,  1978a).  For  example, 
a  notional  excess  of  .internal  concentration  of  100  uCsM  will  produce  an 
internal  presume  of  2.42  x  ’0^  Pa  (2.42  x  10^  dyn  cm2)  within  a  giant  axon 
of  15  um  racl'ux.  Under  these  circumstances  it  can  be-  calculated  that  an  increase 
in  area  of  only  HT  of  the  ?.••  •mbrop'*  between  t he  h.emi desmosomes  will  be  sufficient 

to  re-;  lot  hi...  : .  i :  to  a;  ■mie  u.03  N  ! ,  which  is  less  than  One 

hundredth  oi  th-  value  for  the  unstretehed  axon  and  roughly  equivalent  to  the 
tension  which  the  mombi or.'-  of  a  human  erythrocyte  can  withstand  be- fore  hemolysis 
occurs  (Hand,  1954). 

The  giant  axe nn  of  ft  a cierel la  utvlize  the.  apparently  cormon  strategy 
of  reducing  the  introcellui.-r  elect rol ;te  concentrates  during  hyposmotic 
adaptation.  As  with  Kytilus  axons  (.-.'il  lnor ,  1978a),  but  urlike  the  giant  axons 
of  Pa;  oil  a  (Trt  heme  &  Pier:  on,  1978),  teere  is  non-proportional  retention  of 
both  sodium  and  potassium  during  pi ogr essivo  dilution  of  the  external  medium 
(Henson  f.  Troheme,  1978b;  dyeherno,  1978)  .  For  example,  reduction  of  the 
external  ion  concent rat  ions  to  25'  insulted  in  only  an  approximate  halving 
of  [Na+)i  and  [K+]i  (i.o.  from  310  to  14  5  irM  for  potassium  and  87  to  44  rrM 
for  sodium  ions) . 

The  iTon-pro:.ortional  retention  of  infix. cell ulsr  potassium  ions  is  of 
critical  importance  in  the  hyposnot.ic  adapts! it n  of  the  Morcierella  giant  axons. 
This  is  cor  r  el  si  <  d  with  the  unusually  high  pharmium  concentration  (  30  ivM) 
of  the  Hood  of  son  water-.'- 'opted  b  ' ;  •  ’  !•  .-r,  1974b).  New  at  the 

rr.aT.nl  bio.  i  pnrnssium  consent  taf.  it  a  ..  i  •.  seatin':  potential  of:  the 

Meroierd la  axon  lies  on  a  steep  parte  of  t!io  Karnst  slope,  which  relates 
the  axonal  re:  tin y  potential  to  r  xt>  m.;0  jnt acskn  concentration  (Carlson  & 
Traherne,  1977;  Pennon  A  Traherne,  IvVha). 

The  net  effect  of  the  sensitivity  of  the  resting  potential  to  changes  in 
[K+Jo  and  noc.-pro;x>i t innal  retention  of  (Kf|j  is  that  there  is  a  proportional 
increase  in  the  outw  n  di  y-direevr  d  gradient.  of  ]x>tnasium  ions  during  hyposmotic 
dilution  (Benson  i.  Traherne,  1978b).  'it,:.;,  accounts  for  the  appreciable  hyper¬ 

polarization  observed  during  adaptation  of  iho  Marcierolla  giant  axons  to 
dilution  of  the  external  medium  (Fig.  4). 


'  4-  Continuous  rccouinu!  *>t  list*  rt«itnt'  ami  c 1 1 1 1  poirntiuis 

iliMnij,'  gr.1Ju.1l  liyiKixiioln'  Jiaitiiui  ot  ilic  1., H  i.aJu.m, 


The  hyperpolarij-.ation  of  the  axon  membrane  during  hyj,osmotic  adc-ptr.ti 
has  two  .imux tent  consequences .  First.,  .it  tends  to  compensate  i ot  the 
reduction  in  the  overshoot  of  the  action  potential,  resulting  from  decrease 
in  [Na+J0»  cnc1'  thus  contributes  to  the  maintenance  of  the  amplitude  of  th 
action  potential.  Secondly,  the  increased  resting  potential  reduces  colic 
inactivation  and,  consequently,  maintains  a  rapid  rate  oi.  rise  of  the  ecti 
potential  during  extreme  dilution  of  the  bathing  medium. 
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The  omul i tudc  of, the*  action  iot.ontJ.il::  are  also  maintained  during 
hypnonm  io  dilution  by  tlio  redact  ion  in  .uitraeel  lular  sod  j  tuu  cv-ncont/uLion 
(Fig.  6)  (Benson  &  Treherne,  1978b).  This  reduction  appears  to  be  a  specific 
response  t.o  reduced  external  ionic  concentration,  lor  it:  occurs  (in  the 
absence  ot  the  equivalent  reduction  in  (K+]j)  during  isocrnotic  dilution  of 
the  bathing  medium  (beacon  i:  Traherne,  1978a).  The  reduction  in  [ ! :a+  J i  is 
abolished  in  the  presence  of  ouabain  and  could,  therefore,  result  from  an 
increase  in  net  sodium  efflux  such  as  occurs  in  the  squid  giant  axon  in 
sodium-def  icient.  saline  (Hodgkin  &  Keynes,  1959)  .  The  increased  sodium  efflux 
from  the  cephalopod  giant  axon  appears  not  to  be  passively  mediated,  for  it 
was  found  to  lx?  inhibited  by  dilute  dinitrophenol.  It  is  rugg  ted  that  the 
increased  sodium  efflux  is  accompanied  l>y  ait  outward  movement  ol  an  intra¬ 
cellular  anion. 
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III.  IONIC  HOMEOSTASIS  OF  THE  BRAIN  M1CR0ENV1 RCKMENT  TN  INSECTS 

The  research  carried  out  during  the  tenure  of  this  grant  has  enabled  a 
model  to  be  devised  which  accounts  for  the  available  information  obtained 
using  el  <.*otrophysioiogical ,  ultrastructural ,  radioisotopic  and  flame 
photometric  techniques. 
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According  to  the  rocxlcl  (Fig .  7)  intercellular  diffusion  between  the  blood 
and  axonal  surfaces  is  restricted  at  the  inner  ends  of  the  tortuous  clefts 
that  traverse  the  superficial  layer  of  specialised  neuroglia,  the  perineurium 
(Lane,  197-1)  .  This  accounts  for  the  observation  that  altered  external  ion 
concentrations  result  in  extra-neuronal  potential  changes,  originating  at 
the  outer  perineuria]  m-mbranes,  before  any  effects  are  measured  in  the  axons 
(Treherne  et  a!.,  1970;  Pichon  f,  Trehotne,  1970;  Pichon,  ’lord on  &  Treherr.e , 
1971).  The  restriction  is  suggested  to  result  from  the  tight:  junctions,  at 
the-  inner  end";  of  the  perineur ial  clefts,  and  which  appear  to  limit  tlx 
penetration  of  ultras  true  Lural  tracers  along  the  clefts  (Lane  Tichan:  ,  1  r>72 

Recent  unpublished  research  has  confirmed  th-  peripheral  .local i sat i on 
of  the  intercellular  diffusion  bonier  to  inorganic  ions. .  These*  exnerir,  cuts 
involved  the  use  of  pronasa  in  tioaleJ  connectives  which  facilitate 
penetration  of  the?  superficial  neuroglia  and  extracellular  channels  using 
fine  tipped,  liiyh-resi stance,  rnieroeloctrodes.  Our  observations  show 
that  high-pitussium  puls-:-,  induce  d;n  diarizing  responses  (s  imi  lar  to  those 
measured  at  dt?epc?r  levels  in  the  CMS)  at.  depths  of  only  5  cm  beneath  t!;c 
neural  lamella..  The  super!  iciul  localization  of  the  potassium-induced 
extraneuronal  potentials  provides  circumstantial  evidence  for  intercellular 
restriction  of  inward  ion  movement  s  in  the  ym  in-urial  clef  ts  such  as  is 
indorporated  in  the  model  illustrated  in  l-'ig.  7. 
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The  perineuria!  neuroglia  and  the  underlying  glial  cells  are  represented, 
in  the  model,  as  confluent  compartments  which  allows  intracellular  movements 
of  sodium  ions,  and  other  small  water-soluble  ions,  to  occur  via  the  gap 
junctions  that  link  adjacent  peririeurial  and  glial  membranes  (Lane,  Skaer  &• 
Swales,  1977;  Lane  &  Swales,  1978). 

According  to  the  model  the  sodium  content  of  the  per incur ial  colls  will 
be  largely  determined  by  the  uptake  of  sodium  from  the  blood  and  its 
extrusion  into  the  extracellular  fluid  and  the  blood  by  the  Na/K  pumps. 

In  the  absence  of  external  sodium  ions  there  will  be  a  net  outward  movement 
of  this  cation  across  the  outer  per incur ial  membrane  largely  mediated  by 
the  Na/K  pumps.  Because  of  the  postulated  linkage  with  the  underlying  glia 
the  changes  in  intracellular  sodium  concentration  in  the  perineuria! 
cytoplasm  will  be  accompanied  by  equivalent  changes  within  the  deeper  glial 
elements. 


<  The  above  model  also  accounts  for  the  inability  of  external  lithium 

ions  to  gain  access  to  the  axon  surfaces  (Schofield  &  Treherne,  1978) ,  despite 
a  substantial  accumulation  of  this  cation  within  the  central  nervous  tissues 
(Bennett,  Buchan  &  Treherne,  1975).  The  inability  of  lithium  to  restore  the 
action  potentials  in  sodium-depleted  connectives  implies  that  this  cation 
(which  can  substitute  for  sodium  in  maintaining  the  inward  current  of  the 
axonal  action  potential)  must  be  excluded  from  the  extracellular  fluid  and, 
consequently,  contained  in  the  glial  cytoplasm.  This  is  accounted  for  in  the 
model  by  the  presence  of  Na/K  pumps  on  the  glial  membranes  for  it  is  known  that 
linked  sodium  pumps,  in  frog  muscle  (Keynes  &  Swan,  1959)  and  crab  neurones 
(Baker,  1965) ,  will  not  accept  lithium  ions.  The  retention  of  lithium  ions 
within  the  central  nervous  tissues,  after  prolonged  washing  in  normal  saline 
(Bennett  et  al.,  1975)  is  explained  by  the  outwardly-directed  linked  solium  pumps 
on  the  outer  porineurial  membranes  which),  similarly,  are  presumed  not  to  accept 
lithium  ions. 
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J’k-  g. .  ci  umj'cs  in  extra-axonal  soJiiim  consent  ration  in  an  intact  preparation,  resulfinf:  from 
three  successive  exposures  to  sodium-fire  (sucro- e-sub-. tituted)  Hinder,  s  min  in  basic  Kinder 
was  allowed  betw*.<n  ex  publics  (ti)  «»iul  (/•)  i  min  Ivtwcrii  t-xposuics  [(>)  and  (r).  Kslimatiori 
from  a  suet osc-^ap  recording:  depletion  of  Na  expressed  as  ("  values  (t :);  recovery  expressed 
as  i  —C  values  (<J)  to  simplify  comparison  with  depletion.  Half-times  for  decline:  ((>),  98  s; 
(e),  i  13  s.  I  lalf-titnes  for  recovery  :  («),  95  s’.  (/■»).  90  s;  if),  hi  s.  Lines  Iitfvd  by  linear  regression 
on  rectangular  co-oidi nates  except  for  the  broken  line  in  («)  which  was  fitted  by  eye. 


We  have  shown  that  initial  exposure  of  connectives  to  sodium-deficient 
saline  results  in  an  extremely  slow  decline  in  amplitude  of  the  axonal 
action  potentials  (Schofield  &  Treherne,  1978).  Relatively  rapid  recovery 
of  the  action  potentials  occur  on  return  to  normal ,  high-sodium,  saline 
(Fig.  9a).  Subsequent  exposure  to  cod iurn -deficient  and  normal  saline 
becomes  rapid  and  symmetrical  (Fig.  9b).  These  observations  cannot  be 
accounted  for  by  increased  intercellular  leakage  of  .sodium  ions  for,  as 
mentioned  above,  the  action  potentials  in  sodium-depleted  preparations 
cannot  be  restored  by  prolonged  exposure  to  lithium  ions  (a  cation  which  can 
subtitute  for  sodium  in  carrying  the  inward  current  of  the  action  potential). 
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The  results  shown  in  Fig.  9  can  be  expl.-iinc.ii  according  to  our  model  by  a 
postulated  intracellular  sodium  reservoir  which  functions  to  maintain 
elevated  extracellular  sodium  concentrations,  daring  prolonged  exposure  to 
scxliuai-viol icienl;  saline.  This  reservoir  can  Ijo  recharged  only  relatively 
slowly  and,  thus,  when  uncharged  movements  ot  sodium  ions  between  the 
external  medium  and  the  axon  surfaces  are  relatively  rapid,  and  syrmetrical, 
but  are  nevertheless  s 1  owed  by  a  metabolic  inhibitor,  DNP,  and  a  sodium- 
transport  inhibitor,  ethncrynic  acid. 

The  postulated  intracellular  sodium  reservoir  is,  according  to  the 
model,  localized  in  the  linked  porineurial-glial  cytoplasm,  although  it  is 
possible  to  erect  alternative  localization,  tor  example,  in  the  axoplasm 
itself.  Experiments  are  currently  in  progress  to  identify  the  proposed 
intracellular  sodium  reservoir.  These  experiments  will  involve  the  use  of 
radiosodium  localization  in  detergent-treated  preparations,  in  non-el octroi yto 
solution,  and  also,  the  use  of  sodium-selective  microelectrodes. 

We  are  currently  using  radiosodium  to  study  the  exchanges  of  this 
cation  across  the  blood-brain  interface  (J.E.  Treherne  &  P.K.  Schofield). 

Oar  results  confirm  earlier  observations  (of.  Treherne,  1902;  Pickon  k  Tucker , 
1972)  that  rapid  radiosodium  fluxes  occur  between  cockroach  central  nervous 
tissues  and  the  bathing  medium.  ^-Na  efflux  occurs  as  a  tv.’o-staqc  j.-rocess 
with  half-times  ot  50  and  1000  sec  respectively.  Extra-axonal  sodium 
regulation  is,  therefore,  a  dynamic  process  which  involves  rapid  ion  fluxes 
across  the  blood-brain  interface.  These  Duxes  do  not  appear  to  involve 
significant  sodium-sodium  exchange  as  is  known  in  some  epithelial  transport 
systems.  Metabolic  and  sodium-transport  inhibitors  have  little  effect  on  the 
rapidly-exchanging  component  but  slow  the  si  owl  y-exchang i ng  cciT.ponent  of 
radiosodiuai  efflux.  Further  experiments  will  be  directed  towards  identifi¬ 
cation  of  the  rapidly-exchanging  sodium  fraction. 

Recent  research  has  indicated  an  involvement  of  the  aminorgic  system 
in  ionic  homeostasis  in  the  cockroach  nervous  system.  We  have  shown  that: 
externally-applied  octopamine  produces  marked  changes  in  extrancuroncl 
potentials  and  also  on  the  amplitude  of  the  action  potentials  in  propnrati-  or: 
exposed  to  sodium-deficient  salines  and  on  the  rate  of  axonal  depolarization 
in  connectives  in  high-potassium  saline.  Our  preliminary  observations  suggest 
that  oclcw.r'.i.ne  may  affect  both,  the  potassium  permeability  of  the  f-uperf ic i.;  1 
neuron]  .in  and  3  inked  codiuTr-potassiiwi  movements  in  the  underlying  glial  el<  m..n 
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